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Introduction 
It i s  ~ 5 t h  considerable trepidation,that anyone a u d d  s e t  about forecasti$::"- 
economic and social  change-two years ahead. Limited knowledge I ) concern- 
ing the f l e x i b i l i t y  of i.ndividuals and national i n s t i t u t i ons  2 )  concerning '. 
the' speed with which governments and society a s  a whole can recognise tha t  : 
new l i f e  s ty les  and economic systems a r e  inevitable,  3) concerning the 
ecological res i l i ence  of the biosphere and the extent and qual i ty  of re- 
maining non-renewable material  and fue l  sources, combined with 4) the 
fickleness of human nature, regional, national and internat ional  kudos and 
r i v a l r y  make it a l l  but impossible to  forecast  i n  any sensible format the 
time-scale and sequence of events i n  the years ahead. As i t  i s  impossible 
t o  a n t i c i p t e  the ingenuity with which human operators can devise intriguing 
ways of misusing cmplex, tfoolprocft  technological systems, so i s  i t  impos- 
s ible  to an t ic ipa te  the evolutionary process. The picture any one person 
p i n t s  of the  future  w i l l  be coloured by personal prejudices. Prejudice i s  
a human condition. A declared unbiased stance i s  mistaken since each one of .. 
us  i s  influenced by a unique environment., education and experience and, above 
a l l ,  by uncertain knowledge. 
Ec>nomic Growth and Entroey 
One of the a r t i c l e s  of f a i t h  which has guided societ ies  i n  recent his tory 
i s  the doctrine t ha t  a l l  'economic growth' (whatever t h i s  happens t o  be) i s  
good and beneficial  f o r  everyone and t h a t  it must and can pers i s t  forever 
( 7 ) .  This doctrine has been taken up by v i r tua l ly  a l l  modern societ ies ;  the 
creed has been incorporated in to  the po l i t i ca l  thinking of communist, capi ta l -  
i s t ,  mixed economy and t o t a l i t a r i a n  systems. Central t o  t h i s  creed i s  the 
notion tha t  due t o  man's ingenuity and h i s  'exponentially' increasing knowledge 
there are  no effect ive material, energy o r  ecological constra ints  t o  h i s  
social, economic and cu l tura l  developnent and 'progresst. That i s ,  because 
of man's ingenuity resources a r e  ' i n f i n i t e ' ,  
Some observers have d i f f i cu l ty  i n  accepting t h i s  dogma a s  an absolute law. 
Ecologists, for  example, know tha t  a l l  ecological systems a t t a i n  some 'climax' 
condition and wonder why t h i s  i s  not a lso t rue  f o r  the ecosystem of man and 
nature. There i s  not universal  acceptance of t h i s  dogma amongst economists. 
Notably, Nicholas Georgescu-Roegen has investigated the implication of the 
Second Law of Thermodynamics (~eorgescu-~oegen 1971, 1972, 1975; Wade 1975). 
The s ta r t ing  point of Georgescu-Roegen's theory i s  the entrory law. This 
concerns the notion of i r r evs r s ib i l i t y ,  t ha t  cer ta in  processes go i n  one 
direct ion only and can never be repeated except a t  a f a r  greater cost on the 
whole. A gallon of o i l ,  f o r  example, can be burned only once; the energy 
bound up i n  the combustion products i s  so d i s s i p t e d  t h a t  i t  i s  unavailable 
f o r  use, unlike the ' f r e e '  e n e r a  i n  the o i l ,  and the process cannot be re- 
versed. The entropy law says t ha t  the entropy of a closed system always 
increases, the change being from f r e e  t o  bound. A l l  species except man, 
depend on the sun a s  t h e i r  ultimate source of low entropy; man has learned 
t o  exploit  the t e r r e s t r i a l  s tores  of low entropy, of minerals and f o s s i l  
fuels. Life feeds on low entropy and so does the economic process. 
Georgescu-Roegen a s s e r t s  t ha t  the entropy law ru l e s  supreme over the  economic 
process. Standard economists teach tha t  the economic process i s  a closed, 
. c i rcu la r  movemeat.bet.ween production and consuoption i n  which the exhaust- 
ab i l i t y '  of natural  resources ' is  not a problem, and undesirable manifestations, 
0 
such a s  pollution, can be solved by the pricing mechanism. I n  the l i g h t  of 
the entropy law the economic process can now be viewed a s  a continuou'and 
. . -. i r revers ib le  transformation of low entropy in to  high. The basic inputs a r e  
. . drayn from the solar  flow of low entropy and from t e r r e a t r i a i  stocks. The 
p t e r i a l  output i s  highentropy i n  the form of pollution and dissipated 
. . 
. ,. matter a n d  heat. 
. . 
.This view of the economic process d i f f e r s  rad ica l ly  from convention&l 
economic thinking; i t  4phas i se s  the inputs (energy and natural  resources) 
t o  the process and the outputs (pollution), aspectswhich tend to be ignored, 
or  a t  . leas t  considered of l e s se r  import, i n  conventioml analyses. Because 
the t e r r e s t r i a l  dowry of ordered materials (high grade ore' bodies) i s  i imited 
. . 
,every a r t e f ac t  manufactured now means fewer implements f o r  fu ture  generations. 
I f  this analysis  of the eccnomic system i s  correct, and it, i s  t h e  only economic 
framework which incorporates fundamental tenets  of modern science, a t  &ich 
point during the process o fdep le t ing  the e a r t h ' s f i n i t e  store of ordered 
material s t ructures  does it become obvious t o  societ ies  a s  a'whole t&t ' , they  , 
a r e  engaged i n  a one-way process, with a l imited l i f e .  2 
. , 
The argument i s  unlikely t o  be affected permanently by the advent of. large- 
scale fast-breeder or  fusion reactor  systems, although i t s  recognition may- 
be delayed some decades, since a progressively increasing proportion of the 
economic system's production must be used f o r  capital: regenepation and 'bapi ta l  
growth a s  it becomes necessary t o  exploit  more d i lu t e  resource reserves. The 
essence of George scu-Roegen' s argument i s  t h a t  if. the 'energy c r i s i s  ' does not 
catalyse the t rans i t ion  t o a  new world order, material  resource deple,tion, 
food scarci ty  and pollution a re  waiting, i n  reserve. 
. .  . 
The  constraint,^ on Technology Substi tution , . 
I t  i s  an increasingly rec.ognised f a c t ' t h e t a l l  the  p-oblems of the  i o r l h  a r e  
interact ing an$ in terrela ted,  i n  a tangled complex of problems. ''Dynamics 
of Growth i n  a F in i te  World" (Xeadows e t  61 7975) and "Mankind a t  the Turning 
Point" (Mesarovic and Pestel  1975) a r e  highly c r i t i c i ~ e ~  attempts to take an 
h o l i s t i c  view of the world system. Des i rab le  though it may appear i n  theory 
t o  develop such integrated t o t a l  system Prorld models, the pract ical  problems 
of aggregation accompanied by the mandatory use of correlational relation- 
ships does not enhance t h e i r  a b i l i t i e s  to  an t ic ipa te  the proximity and 
severity of pressing subst i tut ian and exFansion d i f f i cu l t i e s .  
~ h e o r e t i c a l l f  there a r e  many avenues open t o  mankind i n  circumventing r e smrce  
depletion problems; i n  theory integrated breeder-reactor and high-temperature 
reactor  systems (Hafaele 1974) can sa t i s fy  a l l  energy demand; i n  theoxy 
gasif icat ion and l iquefact ion of 'some of the world's 'enormous' coal reserves 
can subst i tute  f o r  depleted natural  gas anh petroTeum;. i n  theory the, fusion 
' process i s  a bright hope offering 'unlimited' amounts of 'cheap1 energy; i n  
theory uranium can be extracted by crushing grani te  and i n  theory the world's 
food o l t p l t  can be doubled o r  trebled. Hmever, what should concern society 
i s  the pract ical  problems of satisfying the essen t ia l  and other needs of 
a world popla t ion ,  which a t  current r a t e s  ucil1,double i n  another 30 years, 
a t  a time when high qua l i ty  energy and material  sources are  rapidly being 
depleted. Could the economic developnent of'  recent h i s tdry  have been pos- 
s ib le  i n  the absence of high qual i ty  petroleum? I s  i t  pract ical ly  possible 
t o  derive i n  time other energy 'sources which I 
Addendum 
Owing t o  a production e r r o r  t h i s  page has  had t o  be i n s e r t e d  but t h e  t e x t  
i s  ccntinuous. 
... sources which can sus ta in  the  l e v e l  of economic a c t i v i t y  made possible 
by petroleum? The important compra t ive  p roper t i e s  of s u b s t i t u t i o n  re -  
sources are qua l i ty ,  c a p i t a l  and labour cos t ,  magnitude and deployment 
r a t e .  The r a t e  and magnitude problem i s  succ inc t ly  s e t  i n  context by 
Amory Loving (1975) i n  h i s  paper 'World Energy S t r a t e g i e s ' .  
"The physical  resource base, however, i s  not  the whole story. It i s  hard 
t o  th ink  of any thoughtful  student of the  foss i l - fue l  i n d u s t r i e s  who be- 
l i e v e s  t h a t  as world population doubles, say by the f i r s t  decade of t h e  
next century, world energy conversion w i l l  increase  6-x ( a s  current  growth 
r a t e s  suggest).  Even i f  t h e  technological ,  environmental, p o l i t i c a l  and 
i n s t i t u t i o n a l  d i f f i c u l t i e s  of such an  increase  c m l d  be mastered, the  r a t e  
snd magnitude problems seem well  beyond t h e  capaci ty  of world indus t ly  and 
f inance - e s p e c i a l l y  if they a r e  devoted t o  o the r  problems as well.  I n  
the  a u t h o r ' s  v i e w  we should be hard pressed t o  produce half t h a t  much 
grow* i n  the  same period, p r t i c u l a r l y  s ince t h e  world crude-oil  pro- 
duotior, w i l l  peak wi th in  a generat ion.  A mere doubling of world energy 
conversion w i l l  be hard enough. 
Indeed, t h e  exponential growth of energy conversion i n  any i n d u s t r i d l i s e d  
country (excepting such spec ia l  cases  a s  ~ o r w a ~ )  i s t h e  sum of a s e r i e s  
of overlapping exponential curves representing new energy sources, each 
introduced a s  t h e  preceding curve matures o r  begins t o  f a l t e r ,  and each 
i n  genera l  of a simpler charac ter  than those preceding. Thus coal  d is -  
placed wood, and was i n  t u r n  displaced by o i l  and g a s  ( the  l a t t e r ,  with - 
i t s  except ional  s impl ic i ty ,  accounting f o r  66 per  cent of US energy 
growth from 1945 t o  1965). I n  most countr ies ,  domestic suppl ies  of o i l  
a r e  i n  t u r n  being supplemented by imported o i l ,  and i n  some, gas  by i m -  
ported gas (LNG). Continued exponential growth of t o t a l  energy conver- 
s ion  requ i res  t h a t  each successive source be capable of more rap id  growth 
than t h a t  preceding i t  - possible only i f  t h e r e  i s  a very l a r g e  e x i s t i n g  
energy inventory capable of being cheaply and rap id ly  mobilised, as  w a s  
h i s t o r i c a l l y  t r u e  of Pers ian  Gulf o i l  and US na tu ra l  gas. 
Governments have apparent ly  acceded t o  quick dep le t ion  of cheap energy 
rese rves  on t h e  t a c i t  assumption t h a t  a new source w i l l  t u rn  up in time 
t o  maintain even f a s t e r  growth. The l a t e s t  such innovation, however, 
i s  nowhere i n  s igh t ,  and a l i t t l e  ... 
and a l i t t l e  re f lec t ion  about the  character such a new source must have, 
reveals why. Nuclear power, with i t s  complexity and long lead times, i s  
f a r  too slow. Existing energy industr ies  a r e  thus under severe s t r e s s  
t o  t r y  t o  make up a growing def i c i t .  ( In  the USA, f o r  example, gas and 
o i l  f i e l d s  - and the r e f ine r i e s  of the major producers - a r e  operating 
a t  100 per cent, or somewhat more, of t he i r  nominal maximum capacit ies).  
This s t r e s s  i s  i n  a sense due, a s  i s  often said, to a temporary shortage 
(of e.g. re f inery  capacity) caused by prolonged mismanaganent: but the 
underlying problem i s  r ea l  and w i l l  not go away". 
h e r g g  Re serves 
1, The gross reserves of non-renewable energy resources are  known to  an ao- 
\ 
ceptable degree of accuracy (Warman 1972; Hubert 1969; Ion 1975; Thomas 
I 1974). These gross reserves are  calculated using a d i s t i l l a t i o n  of a 
var ie ty  of approaches - geological, mathematical, probabi l is t ic  engineering 
I and pragmatic (Dunham 1976) - and assume, i n  the case of coal, an approximate 
50 per cent extraction efficiency and, i n  the  case of petroleum, an ef- 
f ic iency  of between 20 per cent and 50 per cent. A combination of factors ,  
p r i n c i p l l y  prevailing technology and cost  of the delivered poducts,  make 
it uneconomical and therefore impractical t o  achieve higher extraction 
efficiences. The reserve estimates include sources which cannot be ex- 
ploited a t  the present time due t o  cost  and lack  of developed technologies. 
A non-controversial estimate f o r  global gross coal reserves i s  10,000 
Gigatonnes (tonnes x lo9)  (1on 1975). The current extraction r a t e  i s  
approximately 2.43 G t  (1973) p?r annum, superf ic ia l ly  implying a 4,000 
year resource. Such superficial  estimates can dramatically shrink under 
I 
the influence of complex technical and social  factors.  Gross coal reserves 
i n  Bri ta in  a r e  estimated t o  be 162 G t .  I n  order t o  achieve high production 
r a t e s  with a moderate labour force, p r r t i d l y  t o  ~ o d u c e  an energy product 
I which i s  competitive with petroleum, it has been necessary t o  resor t  to  
large-scale mechanisation. The equipnent used, ROLF (~emote ly  Operated 
Long-wall Face) requires generous seam dimensions and good geological con- 
di t ions ,  such tha t  only 3.8 G t  of the gross 162 G t  can be mined by t h i s  
method (knham 1976). 
6 A t  current extraction r a t e s  of approximately 140 Megatonnes (tonnes x 10 ) 
annually the  l i f e  time of workable reserves i s  27 years. Economic oonsider- 
a t i c n s  aside, the general improvement i n  l iv ing  standards i n  recent years, 
combined with a heightened awareness of the  generally r e l a t i ve ly  comfortable 
working conditions outside the mining industry, probably make the adoption 
of automated mining a cul tural  necessity. Mechanisation i n  mining i s  yet 
another manifestation of a continuing process which has released labour from 
m ~ l a l ,  if ski l led,  occupations t o  catalyse technclogical advance i n  mining 
and other f ie lds .  
Coal and i t s  products (synthetic o i l  and gas) a r e  seen by many observers 
a s  medium t o  long-term a l te rna t ives  to o i l  and na tura l  gas. Energetically 
coal l iquefact ion and gasif icat ion a re  cost ly  processes, t ha t  i s ,  s ign i f i -  
cant amounts of energy a re  forfei ted during the conversion prooess. Precise 
conversion efficiency f igures  a r e  not necessary to i l l u s t r a t e  the e f fec t  
such technologies might have on Br i ta in ' s  coal reserves. As an i l l u s t r a t i v e  
example, suppose tha t  i n  20 yearn (1996) a society e x i s t s  i n  Bri ta in  consuming 
energy a t  todayt s r a t e  of about 300 m.t.c..e. (million tomes  coal equivalent) 
per annum. Suppose a l so  tha t  a l l  e l e c t r i c i t y  i s  generated by nuclear power, 
saving I00 m.t.c.e. per annum; e l e c t r i c i t y  use commanding the same proportion 
of national energy a s  today. Suppose, i n  addition, t ha t  of the remaining 
energy supplies 25 pei- cent must be i n  l iqu id  forms and 25 per cent i n  gaseous 
forms, f o r  reasons of ve r sa t i l i t y ,  control precision, customer acceptance, 
mobility, etc.  Assume also a l iquefact ion conversion eff ic iency of 30 per 
cent and a gasification efficiency of 60 per cent. The implied coal extraction 
r a t e  i s  350 M t  per annum. The l i fe t ime of the 3.8 G t  of accessible coal (using 
mechanised techniques) would depend on the profile of growth curve f o r  ooal 
extraction, but a mean extraction r a t e  of ?DO M t  during the next 20 years would 
consume the accessible reserves by the close of t h i s  period. It seemsudikely,  
though not impossible, that coal production exceeding by a considerable margin 
today's output could be produced solely or  almost en t i r e ly  by labour intensive 
methods; 'such labour intensive ncthods would be mndatory t o  access a l l  of 
Br i ta in ' s  theoret ical  gross reserves of 162 G t .  
.. . 
Should nuclear power not expand beyond 60 GW c a p c i t y  by 1996 (because of 
cost, long lead times, uranium constraints,  e tc . )  and should the coal ex- 
t rac t ion  r a t e  n o t  expand beyond 160'Mt per annum (NCBts current t a rge t )  and 
i f ,  by 1996, North Sea O i l  and Gas a r e  approaching the ends of the i r  depletion 
cyoles (~overnment estimates) and avai lable  Middle East o i l  i s  very cost ly  
indeed, because i t  i s  then recognised by everyone a s  a dwindling andirreplaoe-  
. : able energy source, then Britain, compared with the present day, w i l l  be 
experiencing an energy short-fall  of between one-third and one-half of i t s  
present consumption. This eventually would r e s u l t  i n  dramatic changes i n  
government, industry, social  s t ruc ,hre  and, therefore l i f e  styles. 
. 
h e r g y  Reserves - Petroleum 
9 Global reserves of petroleum a r e  estimated to  be 275 G t  (2000 x 10 barrels)  
(warman 1972; Hubbert 1969; Ion 1975; Thomas 1974). A t  the prevailing 
extraction r a t e  of 20 x 10;' bar re l s  per a m ,  t h i s  resource would l a s t  
100 years. The estimate consis ts  o f  30 per cent discovered and 60 per  cent 
presumed reserves, on a world scale. Studies carr ied out by W. H. Warman, 
of Br i t i sh  PetrolF I, indicate t ha t  if growth i n  petroleum consumption i s  
re-established a t  the pre-1973 r a t e  of 75 per cent perannum then world 
: petroleum production w i l l  peak i n  about 1985. The s igns  a r e  tha t  all 
. 
. governments a r e  vigorously attempting to  s teer  t he i r  economies back onto 
, .paths of sustained 'growtht and i f  they a re  sucoessf'ul an a l te rna t ive  to  
petroleum with a production r a t e  capable of rapid increase dlust be avai l -  
able by the mid-eighties. .It i s  practice f o r  resource analysts  to  assume 
a depletion curve with a s;ymmetric profile,  w i t h  the decline being a mirror 
image of the climb. Behren's (1971) model of natural  resource u t i l i s a t i o n  
gives some indication tha t  these curves can become heavily:skewed, declining 
quite rapidly a f t e r  a t ta in ing  a peak. If the model i s  modified t b  explore 
the behaviour of petroleum depletion, where the cost of extraction i s  a 
function of cost  of the product, very rapid declines i n  production ra tes  can 
. be induced (wr i te r ' s  experiments). I n  the case of petroleum one can envisage 
an  exprnsion of economic a c t i v i t y  and expansioh of the  associated economic 
supr:rstnicturo driven by the u s e o f  high quali ty,  e a s i l y  accessed (Middle 
=s t )  petroleum, followed by a rapid decline when subst i tut ion energy tech- 
nologies prove incapable of rapit3 proliferation.  
. . . . 
. .  . 
Net k e r g y  and Gual i ty  
Many forms of energy a r e  low grade because they have t o  be concentrated, 
t ransported,  mined from deep i n  the  e a r t h  o r  pumped from remote con t inen ta l  
shelf  basins. Much energy has  t o  be used d i r e c t l y  and i n d i r e c t l y  t o  support 
t he  machinery, people, supply systems, e t c .  t o  d e l i v e r  t h e  energy. Then 
one u n i t  of energy i s  consumed i n  de l iver ing  one u n i t  of energy t o  the  poin t  
of use,  then t h e r e  i s  no n e t  energy. k t . t h e  present  time t h e  consumption of 
g ross  energy i s  increas ing ,  but increas ing  p k r c e n t a ~ e s  of energy a r e  being 
fed  back i n t o  t h e  energy winning process and the re fo re  the  p r c e n t a g e  of n e t  
energy production i s  decreasing, e. g. North Sea O i l ,  Liquefied Natural  Gas, 
coal  l iquefac t ior , ,  shale o i l ,  t a r  sand o i l ,  f i s s i o n  power(?), Many of the  
proposed a l t e r n a t i v e  energy sources mey r e q u i r e  more energy feedback than 
e l d s t i n g  scurces. There a r e  a number of d e t a i l e d  energy balance s t u d i e s  by 
a n a l y s i s  mainly outs ide  t h e  indus t r ies / technologies  being inves t iga ted .  
These analyses,  f o r  example, show t h a t  coal i s  l e s s  energy in t ens ive  than 
r e f ined  o i l  (but  a l s o  of lower q u a l i t y )  (Chapnan 1973), t h a t  B r i t a i n ' s  
f i s s i o n  r e a c t o r s  appear super ior  i n  energy terms i n  converting f o s s i l  f u e l  
i n t o  e l e c t r i c i t y ,  but a r e  not  necessa r i ly  ne t  producers of energy in a 
f i ss ion-only  'h economy  each and S l e s s e r  1973; P r i ce  1974; 1,em e t  a 1  1974; 
L,:%pman e.t a1 1974) and t h a t  North Sea O i l  i s  10 per  cent  more energy i n -  
t ens ive  than de l ivered  Middle Fast O i l  (Chapam e t  a1 1974). 
m e  concept of n e t  energy means t h a t  r e a l  r e se rves  of energy a r e  l e s s ,  t o  
a degree which cannot be p r e c i s e l y  expressed a t  present  because some of 
t h e  necessary ex t rac t ing  technologies do fiat y e t  e x i s t ,  than the  g r o s s  
r e se rves ;  f o r  any dep le t ion  s t r a t e g y  t h e  l i f e t i m e  of a  r e se rve  w i l l  be 
l e s s  than an es t imate  based on the  g ross  reserves.  It means t h a t  a  f i s s i o n  
economy founded on uranium ex t rac ted  from g r a n i t e  i s  not a  p r a c t i c a l  a l t e r -  
na t ive  ( p r i c e  1974; Chapan e t  a1 1974; .Bpp and Derian 1974), because more 
useable  energy i s  consumed i n  t h e  bene f i c i a t ion  of the  o r e  thm i s  produced 
by the  r eac to r s .  
Energy i s  measured i n  ca lo r i e s ,  b tu ' s ,  k i lowa t t  hours but has  a sca le  of 
I q u a l i t y  not indica ted  by these  u n i t s  (0dum 1973). The a b i l i t y  t o  do vrorlc 
f o r  man depends on the  energy q u a l i t y  and quant i ty .  Although re f ined  
~ 
petroleum i s  a n  energy in t ens ive  product compared with coal ,  it posesses 
I a v e r s a t i l i t y  and convenience thmt c m l  cannot approaoh, o ther  than through 
l i q u e f a c t i o n  (which imposes a major energy l o s s ,  poss ib ly  70 per  cent) .  I n  
a d d i t i o n  coal  mining i s  considerably more labour in t ens ive  than petroleum 
e x t r a c t i o n  and r e f i n i n g  (Chapnan 1973). Thus, i n  order  t o  gauge the  r e l a t i v e  
q u a l i t y  of energy sources we must n o t  only  .know t h e  energet ic  e f f i c i ency ,  v!e 
must a l s o  consider  end use, v e r s a t i l i t y ,  convenience, labour  i n t e n s i t y ,  
c a p i t a l  i n t e n s i t y ,  resource i n t e n s i t y ,  s k i l l  i n t e n s i t y ,  s t a b i l i t y ,  r e l i a b i l i t y ,  
d u r a b i l i t y ,  e t c .  - a t r u l y  formidable ana lys i s .  
It i s  conventional wisdom t h a t  some manifes ta t ion  of nuclear  power %-ill 
provide a n  answer t o  medium- arid long-term energy problems. A c lose  
examimtion of the  l i k e l y  t imescales and r a t e s  a t  which nuclear  technologies 
must be designed, developed and engineered on a l a r g e  s c a l e  suggest t h a t  
the  nuclear  rou te  i s  a poor and possibly, improbable option. Nuclear 
technology i s  complex and unoompromising snd p resen t s  technological  man with 
t echn ica l  management arrd c t h i o a l  problcms of unprcccdcnted d i f f i c u l t y  
( ~ c v i n s  1974; Roso and Tenaglia 1973). I t  i s  no t  l a r g e l y ' s u b s i d i s c d .  . 
by f o s s i l  f u e l s  and it i s  no t  poss ib le  t o  know, a t  t h e p r e s c n t  timc, 
how ne t  y ie ld ing  nuclear  power would be as t h e  primary energy sourcc; 
'we do not ,bow if an economy founded on t h i s  energy sourcc i s  a viable 
opt ion (~dum 1973;. 1970). This i s  an  a r e a  which w i l l  endure much a c r i -  
moniou.s debate between t h e  pro- and cirti-nuclear lobbies and i s  a n  a r e a  
the  t imid commentator should avoid. There a r e ,  i n  any case, much more 
pressik% problems of ' s u b s t i t u t i n g  f o r  r a p i d l y  deple t ing  fo ' s s i l - fue l s  so 
a s  t o  sus t a in  the  l e v e l  of economic a c t i v i t y  necessary f o r  t h e  exis tence  
of a nuclear  economy. 
It is' more than 20 yea r s  s ince  B r i t a i n f  s f irst  commercial nuclear  r eac to r ,  
came on stream. But even now nuclear  power supplies  a :  F e l a t i v e l y  small 
(about 1 0  per cent )  proport ion of na t iona l  e l e c t r i c i t y  consumption. A l -  
though i t  i s  f r equen t ly  s a i d  t h a t  nuclear  power r ep resen t s  a l a r g e  reser-. ,  
vo i r  qf cheap energy capable of rapid  mobil isat ion,  experience w i t h  a 
v a r i e t y  of r e a c t o r  systems up t o  the  present  time does not  end'crse t h i s  
claim. Not one of the  e x i s t i n g  a v a i l a b l e  range of developed' r e a c t o r s  
systcms would appear t o  be a s a t i s f a c t o r y  des ign  on which t o  base a l a r g e  
continuing r e a c t o r  programme. The American Light Water .Reac , to~ (LWR)'has , 
been r e j e c t e d  by t h e  B r i t i s h  Government p r i n c i p a l l y  because of sa fe ty  con: 
s i d e r a t i o n s  surrounding the i n t e g r i t y  of t h e  r e a c t o r  pressure v e s s e l .  ' 
Developments of t h e  q u i t e  succsssfu l  Magnox design a r e  r e j e c t e d  due t o  . .  
poor thermal e f f i c i e n c y  and experience to d a t e  wi th  the ~ d v a n c e d ~ a s -  ;. 
Coaled Reactor (AGR) has not generated the degree of conf idenceneces-  ' . 
sary  t o  make i t  the  automatic choice f o r  the  next  round of r e a c t o r  
orders ;  t he  search f o r  h igher  e f f i c i e n c y  has  encountered whzt can broidly.  
be described a s  s t r e s s  l i m i t a t i o n s  such t h a t  no t  one of t h e  ten-reactor  
s e r i e s  i s  expected t o  meet the  o r i g i n a l  design r a t ing .  It seems t h a t .  
t h e  only r e a c t o r  system which B r i t a i n  might use i n  t h e  short-  t o  medium- 
term i s  the  Steam Generating Heavy Water Reactor (SGHFIR) - a brand. new.,  , 
design which it i s  planned t o  successfu l ly  commission by 1982. This i s  
approaching r a t h e r  c l o s e l y  t o  the  time mhen petroleum may be a 3.zclining : 
resource. The SGHTIR genera tes  only e l e c t r i c i t y  ( a n d l o w  grade heat ) ,  . . , 
which i s  not  a t o t a l  s u b s t i t u t e  f o r  petroleum, i s  expensive a t  about 
£400 per k i lowa t t  of c a p c i t y  and, unfortunately,  d e p n d s  on a atook of 
uranium which has  a very  l i m i t e d  l i f e  indeed.' By 1985 t h e  p e s e n t  World 
r e a c t o r  programme w i l l  have consumed 40 per  cent  of t h e  non-communist 
wor ld ' s  ' reasonably a s su red '  uranium resources  (Thomas 1974). Another . . 
f i v e  'years  operating without f u r t h e r  expansion i n  i n s t a l l e d ,  plant  would 
.exhaust ' reasonably assured '  resources. 
A conventional  r e t a l i a t i o n  t o  t h i s  kind of argument i s  t h a t  by t h i s  time 
energy w i l l  have become s u f f i c i e n t l y  expensive t o  make poorer o r e s  economic. 
Nuclear f u e l  cyc les  u t i l i s i n g  e x i s t i n g  uranium ore  bodies (3 per cent; t o  
.7 per cent  u p 8 )  r e q u i r e  of t h e  order  of 1 per cent  of the  use fu l  e l e c t r i c a l  
output  t o  be Invested i n  mining and benef i c i a t ion  the  ore  (F r i ce  1974; 
Chapnan e t  a1 1974). It i s  est imated t h a t  by mining o r e s  20 t o  30 t i m e s '  
l e s s  concentrated than t o a a y ' s  supply, a t  l e a s t  17 mi l l ion  tons  of U j O 8  
would be a v a i l a b l e  (Bupp and ~ e r i a n  1974) - compared with world Ireasonably 
assured  an& 'estimated a d d i t i o n a l '  r e se rbes  of 1.6 m i l l i o n  tons a t  average 
concent ra t ions  down t o  .I5 per cent.  ~ f l o r t u k t e l y  the  bulk of these  o re  
r e se rves  i s  a t  t h e  lower end of t h e  q u a i i t y  range, where between GO per cen t  
and 50 per  cent of t h e  nuclear  e l e c t r i c i t y  generated, o r  some transformations 
of it, would have t o  be a l l o c a t e d  t o  mining and benef i c i a t ion  t h e  ore. It 
i s  no t  possible,  a t  the  present  t ime, t o  de tern ine  the o r e  q u a l i t y  below 
which nuclear  power i s  no t  vigble,  but i t  could be .02 per  cent,  l i m i t i n g  
t h e  ex ten t  of the  non-communist world 's  uranium rese rves  t o  about 3 mi l l ion  
tons Of 
The energy i n d u s t r i e s '  p ro jec t ions  f o r  the  expansion of nuclear  
power wou d consume a l l  of t h i s  resource by about 1995. 
There a r e  i n  add i t ion  o ther  d i f f i c u l t i e s  a c c o m p y i n g  the  rapid  p r o l i f e r a t i o n  
of nuclear  power systems, which can most succinc t ly  be described by quoting 
from John P r i c e ' s  paper, "Dynamic Energy Analysis  and Nuclear Powern (Pr ice  
1974). r 
\ "This paper presents  a c o n ~ e r ~ t i v e  assessment of the  not energy y i e l d s  from i var ious  thermal r e a c t o r s ,  neglec t ing  a number of t e r n s  whose i n c l u s i o n  would be l i k e l y  t o  m k e  the  r e s u l t s  worse by a s i g n i f i c a n t l y  but  p resen t ly  (2nd 
I t o  some ex ten t  perhaps perpetua l ly)  unknown amount. This op t imis t i c  assess-  
I ment shows t h a t  r e a c t o r s  f u e l l e d  by uranium f r a n  high-grade o r e s  t y p i c a l l y  
y i e l d  output  energy about two o r  three  t imes  a s  qu ick ly  during t h e i r  l i f e t i m e  
a s  they  consume inpu t  energy during t h e i r  construct ion.  If the uranium i s  
Cerived from low-grade o r e s  ( i n  p r t i c u l a r ,  Chattanooga Shale, ,007 per cent) ,  
t h i s  power r a t i o  becomes about $-I$ and an i s o l a t e d  thermal r e a c t o r  produces 
( i n  most cases)  r a t h e r  l i t t l e  excess energy beyond t h a t  requi red  t o  f u e l  it. 
I n  the  dynamic r a t h e r  than the  s t a t i c  case- t h a t  is, i f  r e a c t o r s  a r e  con- 
s idered  not s ing ly  but a s  p a r t  of a mul t i - reac tor  nuclear  programme whose 
t o t a l  i n p u t s  and outputs  at  var ious  t imes a r e  of i n t e r e s t -  t he  requirements 
on t h e  output-to-input power r a t i o  of the ' ind iv idua l  r e a c t o r s  are far more 
s t r ingen t .  If the  number of r e a c t o r s  inc reases  too quickly, t h e  energy/year 
t h a t  must be continuously inves ted  i n  new cons t ruc t ion  i s  a l a r g o  f r a c t i o n  of 
the  progranmeqs output. For example, if a nuclear  power programme based on 
t h e  most energy-profi table type of r eac to r  s tudied  (assuming high-grade uranium 
o r e s )  i s  t o  y i e l d  t o  soc ie ty  h a l f  of the energy/~ear  t h a t  i t  was expected t o  
y i e l d  ( t h e  o the r  h a l f  being o f f s e t  a g a i n s t  investment i n  the  programme), then 
t h e  doubling time of the  n m b e r  of r e a c t o r s  cannot exceed 4 years ;  t he  corres-  
ponding f i g u r e  f o r  the  l e a s t  energy-profi table r e a c t o r  s tudied i s  5.5 years. 
And i f  the  doubling time o f  the  r e a c t o r  population exceeds 2.6 yea r s  f o r  the  
most energy p r o f i t a b l e  r eac to r ,  or  3.5 yea r s  f o r  t h e  l e a s t ,  then t h e  nuclear  
power programme w i l l  continuously consume more energy/year than  i t  produces. 
For comparison, t h e  doubling t i a e  widely proposed f o r  the  B r i t i s h  nuclear  
pogramme i s  about i+.3 years; f o r  t h e  EEC, about 3 years ;  f o r  t h e  USA, about 
2.5 years ;  and f o r  France, about 2 years .  A l l  these  programmes w i l l  there-  
f o r e  produce, a s  output  t o  society, energy/year equivalent  t o  l e s s  than  about  
h a l f  t h e  demand they vere intended t o  meet, and t h e  output  o f  a t  l e a g t  the  
last two programmes ( the  US and French) w i l l  be negative". 
There i s  considerable scope f o r  indulging i n  pr imi t ive  specula t ive  a r i thmet i c  
so a s  t o  acqu i re  a well-rounded apprec ia t ion  of problems about t o  be con- 
f ron ted .  One could assume t h a t  ~ o r t h  Sea O i l  production behaves according 
t o  Depr tment  of Energy est imates,  and production fa l l s  t o  30 per cent  of 
i t s  peak by 1990 a d  the  r e s u l t i n g  30 M t  per  annum output  i s  reserved f o r  
premium uses,, , e  .g. t r znspor t ,  a moderate coal  e x p n s i o n  t o  180 M t  t o  sub- 
s t i f u t e  f o r  o i l ' s ,  cont r ibut ion  t o  cu r ren t  e l e c t r i c i t y  production and nuclear  
p o < e r ( i n  t h e  form of t h e  SGHWR) d i r ? c t l y  replac ing  t h e  remainder of t h e  o i l  
def i ,o i t  oa the  equivalence of 30 Kwh (ki1owatt :hours)  per t h e m ,  which i s  
. . 
probably somewhat optimistic. The underlying assumption i s  a l eve l  of 
economic a c t i v i t y  similar t o  1976. It woul be necessary t o  r e p l a c e  70- 8 .  M t  of o i l  (2.8 x 1010 t h e m i )  with 8.6 x I 0  &Iwh of e lec t r ic i ty .  Th i s  . i s  
a mean 99 GW averag.&d over a complete year & d , w e l d  require IbG Gff of 
. . 
nuk lea rca  c i ty ,  based on t h e  operating performance of Mapox reactors  
(HMSO 1973r and implies f i f ty-f ive,  &-reactor $&f?R complexes, such , a s .  
planned f o r  Sizewell B, a t  zn approximate cost  of &55,000 million t o  be 
, 
spread over a period of 12 years, assuning'the programmt i s  s tar ted in ,  
1978 (four years prior t o  the completion of the f i r s t  S G H ~ ~ ) .  .%is ex- 
pansion of tho electr ' ic i ty  supply system t o  about 3. x its p re sen t - s i ze . .  
would a l so  e n t a i l  major investment i n  dis t r ibut ion.  The progr&e here. 
envisaged represents a oonstruction r a t e  a t  l e a s t  20 x greater ( i n  terms 
of capacity) than has been achieved with AGR's, i.e. a quantum jump i n  
the output and performance of t he  nuclear p o F r  construction industry. 
The r ea l i s a t i on  of investment of t h i s  magnitude i n  buoyant economic '. 
conditions' would be problematical; i t  may be' extremclg d i f f i c u l t .  i q  
the years of pro,bable'shortage ahead. ~aving 'ach ieved  such an ambitious 
. objective there  would be cer ta in  problems i n  securing adequate .supplies 
of uranium so t h a t  the reactors  can remain f u l l y  operational f o r  t h e i r  
designed l i r e .  . ' ' , ' . ' . . . , < :  
. . 
The '~ast-Breeder  Readtor 
Concern over the l imited reserves of f iss ionable  uranium led t o  t h e  con- 
cept ion of the  'breeder' reactor  a s  long ago a s  the ear ly  nineteen-fif t ies.  
The fast-breeder consists of a core of plutonium fue l  elements t o  r a i s e  
heat which i s  removed to a heat exchanger f o r  steam.raising by a prima,ry 
cooling c i r cu i t  of l iqu id  sodium. Some. of the  f a s t  neutrons a r e  arranged 
t o  be captured by a surrounding blanket of non-fissionable uranium 238, 
which i s  converted in to  Plutoniuri 239 a t  a r a t e  dictated by the reactor 
design and operating point. I t  i s  intended tha t  design optimisation w i l l  
r e a l i s e  plutonium inventorg doubling times of 24 years, a s  claimed fo r  the 
US breeder, and a s  l i t t l e  a s  the 12 yearsolaimed by Britain following i t s  
Dounreay experience (some observers consider the burnups and neutron f luxes  
implied . ,. . by the l a t t e r  f igure  t o  be ra ther  implausible (Lo.vins 1974)). 
. ~ 
One constraint  on the expansion of hreeder r e a c t o r s  i s  the  ava i l ab i l i t y  of 
plutonium., ; ' A  country's plutonium in.-entory i s  affected by a number of: 
. . 
fac tors ;  'the reabtdr types and the number of years ;they have been operating 
and acces s ' t o  com'patible and functioning f u e l  reprocessing f a c i l i t i e s .  . The 
. . 
a v a i l a b l e  f u e l  reprocessing f ac ' i l i t i e s  i n  Bri ta in  can handle fue l  from 
Magnox reactors  only; ljlant t o  process oxide fuel. such a s  a r e  u t i l i s ed  by 
AGR's, SGHWR's and LWR's w i l l  not come on stream u n t i l  about 1987 and, of 
course, i t  w i l l  take time t o  process the backlog of fue l  assemblies which 
w i l l  have accumulated. The estimation of the possible doubling times f o r  
an expanding breeder system, with t h e  i n i t i a l  reactors  being 'commissioned 
in 1985, i s  highly speculative, but times l e s s  than about 4 years seem very 
improbable, l imiting a breeder system t o  75,000 WN i n  the year 2000. One 
has t o  be something of an optimist to  assume that  a successful commercial 
fast-breeder reactor '  (CFR) w i l l  be avai lable  by 1985., since the nuclear 
Gdus t ry  i s  only now begSnning t o  explore the detailed implications of 
t h i s  concept. It i s a s  well t o  remmber t ha t  what was to have been the 
f i r s t  AGR w i l l  be commissioned not ea~. l ier .  than fourteen years a f t e r  the 
commencement of s i t e  work and the breeder concept does not have an en t i r e ly  
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unblemished h i s t o r y  ( p u l l e r  1975). 
Fusion power i s  not  an  option i n  combating t h e  very se r ious  energy s p p l y  
problems of t h e  next twenty-five years .  Technological op t imis t s  do not 
consider  it a se r ious  proposi t ion u n t i l  p e l 1  i n t o  the  21 st century. It 
i s  a s  D r .  PI. Marshall of UKAEA r e c e n t l y  said,  t h e  most d i f f i c u l t  and 
taxing  technological  endeavour ever  undertaken by man. 
Problems of Finance 
I n  a d d i t i o n  t o  technica l  problems, resource c o n s t r a i n t s  innovatory de lays  
I and orgrtnisat ional  cons t r a in t s ,  it i s  a l s o  going t o  be very d i f f i c u l t  a l l o c a t i n g  t h e  unprecedented infus ions  of money necessary f o r  sus ta in ing  e x i s t i n g  l e v e l s  of energy use. OECD f o r e c a s t  t h a t  between $1,200 bn and $1,600 bn ($x 109) must be inves ted  i n  energy between now and 1985. 
Recent press  r e p o r t s  may be construed a s  symptoms of t h e  underlying 
malaise - t h a t  resource c o n s t r a i n t s  a r e  hard and not  i n d e f i n i t e l y  malleable 
under t h e  f o r c e s  of human ingenui ty  and t h a t  these  c o n s t r a i n t s  (mani- 
f e s t a t i o n s  of the  entropy law) a r e  a l r e a d y  i n h i b i t i n g  t h e  ' na tu ra l '  
evolut ion of t h e  economic process ( e  .g. Harris ,  F inancia l  Times, 1 5  
January 1975; Vogl, Times 25 February 1976; Report, Times 23 October 
1975; Newsweek, 8 Narch 1976; Fishlock, F inancia l  Times 7 November 1974; 
Thomas, Guardian 2 January 1974). 
While GNP ( ~ r o s s  National  product)  per c a p i t a  i s  no t  n e c e s s a r i l y  t h e  bes t  
measure of p r s o n a l  well-being, it never the le s s  provides a pragmatic ind i -  
ca t ion  of t h e  performance of t h e  economic system i n  t h e  present  s t a t e  of 
I i t s  evolut ion;  it i s  c l o s e l y  co r re l a t ed  with t h e  per cap i t a  consumption 
of use fu l  energy ( ~ i c h o l s o n  1973; Erookes 1972; Meadows e t  a1 1975; 
Mesarovic and Pes te l  1975). One can f a i r l y  s a f e l y  say t h a t  energy con- 
s t r a i n t s  w i l l  e i t h e r  i n h i b i t  growth o r  even produce negat ive  growth, 
depending on t h e i r  sever i ty .  It i s  suggested t h a t  the evidence documented 
i n  t h i s  paper i s  a strong i n d i c a t i o n  t h a t  sus ta ined  growth i s  now most 
unl ike ly .  Ranged before u s  then i s  a confusing spectrum of p o s s i b i l i t i e s ;  
Prom a short- l ived business a s  usual  (chapman 1975) bur s t ,  down ( o r  up) t o  
q u i t e  severe ly  energy constrained l i f e  s t y l e s  o r  worse. I n  the  short-term 
i n s t i t u t i o n a l  i n e r t i a  w i l l  prevent dramatic changes i n  d i r e c t i o n  (bar r ing  
g loba l  c o n f l i c t ,  ~ h i c h  i s  not  t o t a l l y  i n c r e d i b l e )  and it i s  l i k e l y  t h a t  
changes i n  d i r e c t i o n  m i l l  only come about a f t e r  pc inful  experiences which 
u l t i m a t e l y  l ead  to t h e  conclusion t h a t  t r a d i t i o n a l  responses cont r ibute  
to ,  r a t h e r  than solve, t he  'problem1. 
I n  the  very long-term it i s  l i k e l y  t h a t  man w i l l  be obl iged t o  sus t a in  
h i s  economies and c i v i l i s a t i o n s  almost e n t i r e l y  on s o l a r  energy and i t s  
t ransformaticns.  I n  add i t ion  t o  the  n e c e s s i t y  of adequate and durable 
food supplies ,  o i v i l i s e d  l i v i n g  w i l l  a l s o  r equ i re  some minimum per c a p i t a  
energy subsidy. F re l in ina ry  c a l c u l a t i o n s  by t h i s  w r i t e r  suggest t h a t  a 
population of about 30 mil l ior :  (cf 56 mi l l ion  now) could survive i n  hea l thy  
se l f - su f f i c i ency  i n  Br i t a in .  The energy se l f - su f f i c i ency  reduces t o  very 
roughly 60,000 k i l o c a l o r i e s  per p r s o n  per day compared with perhaps 140,000 
kcal/person/day a t  the  present  t h e .  60,000 kcal  i s  r a t h e r  l e s s  than t h e  
per cap i t a  energy subsidy 'enjoyed' by t h i s  country i n  t h e  period 1850-1880, 
thoqgh t h i s  i s  hardly  a use fu l  oomprison. The energy mould be derived from 
a mixture of sources, solar  collectors, windmills (Electr ical  Research 
Association claim that wind power can provide 10 per cent of na t iond  
e l e c t r i c i t y  demand by 1980, the same a s  t ha t  currently generated by 
nuclear sources), m t e r  power (about twice the 1976 hydro capacity) and 
from various organic sources, waste vegetation (straw, e tc . ) ,  eff luent  
and energy crops ( ~ m n s  1974; Heslop-Harrison 1975; Szego e t  dl 1972; 
Chedd 1975; Earl 1975; Brown 1976). It i s  conceivable t ha t  a major, 
though not necessari ly dominant energy souroe would be wood grown on much 
of the 20 mill ion upland acres. One has to  contemplate a cer ta in  level  
of industry, and hence some minimum per capita energy subsidy below which 
satisfying but constrained l i f e  s ty les  a r e  not possible, t o  provide and 
maintain the a r t e f ac t s  a stimulating society dl1 need. 
After 'nearly two centuries of. unprecedented expansion the prospect o f ,  
what, i n  our present wisdom, i s  seen a s  contraction i s  generally v i e ~ d  
with gloom. Yankind, fortunately or unfortunately, has l i t t l e  option 
but t o  adapt h i s  l i f e  s ty les  t o  what h i s  'environment' w i l l  allow., There 
i s  room f o r  some. optimism; man i s  undoubtedly the 'most versa t i l e ,  ,adapt- 
able and resourceful species t h i s  planet has so f a r  .seen. .... 
The Uplands 
A t  various times i n  the past and present the uplands have been essent ia l  
sources of minerals, food, f i b re ,  energy and water. 
The uplands have a considerable potential  f o r  providing igneous rock, 
limestone and sandstone minerals; the production r a t e s  of these minerals 
has been increasing substant ia l ly  i n  rscent  years. Generally s i t e s  close 
t o  exist ing developents  and those offering good access t o  major indus t r ia l  
centres w i l l  experience most pressure. 
Slate  production has gradually declined over the years and i n  1972 was l e s s  
than half  the peak o u t p t  of 123,000 tons. The persistence of business- 
as-usual conditions w i l l  probably encourage t h i s  trend - s l a t e  i s  very ex- 
pensive, probably because of a hi& labour content. Should there  come a 
time when high labour content no longer incurs the economic penalt ies we 
have cone to associate  with i t ,  then there may be a signif'ioant revival. of 
t h i s  industry. 
The uplands were sources of iron, copper, lead, zinc, s i lver  and gold i n  
the paat. Upland i ron ore deposits a r e  probably unlikely t o  receive 
serious a t tent ion i n  the future  because o f t h e  substantial  sources elsewhere 
i n  the country which provide one th i rd  ( 9  million tons) of national oon- 
sumption, however one can never be absolutely certain.  Developents which 
a re  seen to  be i n  the 'national i n t e r e s t '  could see a c t i v i t y  i n  areas  which 
we have recent ly  come t o  accept a s  part  of t he  national heritage.  
The known w r l d  supplies of the  following metal ores  w i l l  be consumed i n  
the time indicated a t  current extract ion r a t e s  (~eadows 1972; :US-NRC 1969; 
US Eureau of Mines 1970). 
Copper - 32 years Lead - 22 years Zinc - 19 years 
Gold - 7 years Si lver  - 12 years Tin - 13 years 
Meroury - 9 years 
lI
These metals, which are essential cata)-ysts for the eListing lndustlia1
svsten 3nd 
"i] of 
it" conceivable developrnents for sorne generations to
clrne, will no longer be ovailabfe for growth. primlng uses or the replace-
rnent'of dissipeteri netals in a.tirne period whlch is less than that fron
the beginning of the Second lTorld TIar. There is some scope for bstitution'
Aluniniuri (tiruti*u at current rate's, 1oo years) can probably replace eopper
in an increa,sing nurnber of applications. 1'In the 1o45-tenn however it nay
be ,rrti"ipat"a Ihai alyminiu.i- ore, being a thin. surface covering of the crust,
might be rrsea up before copper reserves-in depth have gonetr (Thomas S. L,owsrin8'
NAS-NRC 1959).
I t  does not  secm possib le that  conceivab e devetoFlents of  ex is t ing tech-
nologies can survlve at any significant leve1 of econonic activity' or for a
significant period of tirne' in the absencc of a policy of naximurn recycling
.ni. oru nust-hope that T. 3. Loweringrs opinion (NAS-NRC 1969) Is pessitoistic:
"lfhen the tine corae s for living in a society d.ependent on scrap for high gra'de
metal and on corDnon rock for comrnercial ore' the affluent society will be nuch
overworked to maintain a standard of Lirr.ing equal to that of a century a8o.
0n1y our bost effort'r in all phases of resource nnnagement and population
control can defer that <iay.ir
Ttie transition to the new social /indu striaf ordir aoufd undoubtedly see
Fressure to exploit shat rernains ci Britainrs non-ferrous ore ieserves.
The possibility of contributin6 more than a very slnal1 quartity to exist-
ing annual- consunption of 5451000 tons of copper is doubtful. The total
output of the F,rys in An6lesey, from start to finish, was 1J0r000 tons.
This is not necessarily a good indicator of kind of yields coming from nas-
sive open-pit mining proposals such as surveyed. in Snovrdonia (i,ovins 197-5).
There stil l renain deposits of copper, lead and associated netals in nany
of the upLand areas and one sond.ers how the exploit4tion of these d.eposits,
using rnodern methoils and machinery, would conlnre lvith limestone and slate
working s.
tr'urther expansion in tho nunber of reservoirs is unlikely in the long'term,
however the combined forces of instj-tutj-ona1 inertia and project nomentr:m
could result in the conpletion of some ourrent plants 'rhl ch intend doubli-n6
volure of J:npounded nator by 2000. It is unlikely that ccnceivable levels of
econornic activity will demand more water than is currently availatrLe.
'ffater is also a potential- source of energy. ft is generally a ssurned that a
very high proportion of potential ilater po$er has been d.eve1oped., however,
this is based on an economic criterion whgre plan t opportunitie s under 250
KW, servod by rlrainage zones r.rnd er 5OO kmz in area., are disregardecl. By
tapping the potential of sraller streams with siirplo a.nd Lbw-cost equipnent,
it has been qstimated that total hydro-elect1ic output coulcl bo raised to r!.ore
tharr 40 x 109 twh/year compar:ed wiitr t6 x la9 uwh/yLar et present. There
is a growing interest in the use of srna1l hydro-eJ.ectric plant s, partly
precipitated by escalating electrici\r bills. ,i i ihen the regional nater
boards ta.ilor dorm their charges to l-eve1s that the market can bear, it
is 1ike1y we shall see their fairly rapid prcl.iferation,
tr'afining. is inherently a conserva,tive prof.ession, particularly in the up-
lands rshere thc sizc of ind.ividual hotdines and enyircnnental constrai-nts
ilpose a s€vefe lirj-tation on output, and in bad years, can penalise heavily
those nho over-stretch theii resources. pressure on world food supplies in
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the lmmediate future will encourage, through the combinecl ind.ucement cf nore
expensi.ve food and govemment incentives, the p&duction for more foocl fron
all agricuL tural areas. Soil conditions in nrany upland. areas d.o not pqlmLt
ploughing, although there are a numb€r of efevaied. areas nhere oratle'fbrm-
in6 is'possibLe which are zuited. to growing root crops ior wint er fodd.er.
' There are bound to be.at least short-tern trends for gra s sl,and. inprovenent.
Although these'in1x'ovements tend to be soroewhat energy intensive, Lt is un-
likely that energy will be so expensive in the next 10 years so as to exclude
this po ssibil ity.
There wil-l be atteropts to increase the yield fron grasslands by manipulating
stocki"ng d.ensities, introd.ucin6 hard.ier breeds cf cattle or revertjng. to
forner lractices of l-aaving wethers on the hi1ls to fatten. Otly tine niLl
teIl hovr successful and sustainable any develolnent s will be.. ttALl the cir-
cunstances und.er which a man Lj-ves and acts, and all the lews of nature can
never be known to hin. Ho cannot hope to lmom thorn all rneretry in terms of
sclentific and text-book categori sation s, and stilL less in teflos of their
manifold lnteractions. Synpath,y, sense, and feeling must necessarily,be
brought into p1s" to assist to fill the gaps. Ttru s the nan wlo feels his
way i-nto understanding as well as 166.rns his way is the only na.n cornpetent
to deal with the problems of life and therefore the poblems of agriculture"(Stapledon, 19l+2 ) .
There have been a nu.oiber of experi-ments recentl-y, which are a little out-
of-step wlth norual 1u'actice, and which seen to offer real opportunities of
lncreasing upLard yield (turry 1974; Dalyell i975). This is the ,practice
of integrating forestry and agricultrre and should appeal to ecologists as
it runs counter to the trencls of increasiag nonocuLture. The advocates
suggest it is proper to plant betneen 25 per cent anA 50 per eent of felI
land '?ri th between J and 10 acre bl-ocks of trees. It can entoil consid.enable
capital expenditure, fencin6, road.s to service the rco oded areas.. The roads
have an atlded. bonus in that they inprove ease of .ccess for agricultulaL,
nanpgenent. Coupleal with gra ssJ-and reclanation it bas been possible to
keep.nore sheep on !00 acres than rryere fomerly kept on 1000 acres (Parry
1974). ft is a very long-term enterprisel first can be feLl-ed in 50-50,
lnear s and the bard.wood.s require ev6n Longer if tho crop is s ol"d for its
const:uotional llroperties. It is posslble that Ajfferent cr opping fre-
queneies would be appropriate for crops which are interdeal as soulces of
f\re1 and;fibre. !'or these uses one woull be seeking rnnagernent practice,
speci:es selection ancl species nix which maxinise the average arnual accunu-
lation of dry na;tter. The evijl-uation of >ptimunr strategie s could be a. long-
terrn endeavour, perhaps as rnuch aa !0 years. Recent work in this area, how-
ever suggests that nuch shorter timescalos bay be practi,caUte ( Brown 1!76).
Jt is rather djfficul-t anticipatjng the tine when tinber night be essential
as an energy source. ltris very nuch depends on how ths economics of coal
e:rbraction work out as it becomes increasing3-y necessary to mine more diffi-
cult seans, ar.rd, of course, on extractj"on rates.
Timber has long been a feed.stosk for the synthetic fibre irdustry. The
recent escalation in the price of petroleue and, petroleum products has re-
neweA i-nterest in tha use of wood ae a feed.stock for plastios. Ihe j_ndj.-
cations axe that.the existing naste frorn the harvest of Eritish woorllantl s
and forests could satisfy the feedstock requirenent s of a plastic inilustry
conpairable in size to that now exi sting (eofastein 1975). - Chemicals fron
wood a r e  s t i l l  derived i n  l a r g e  quant i ty .  
The t o t a l  a rea  of conifer  high f o r e s t ,  broadleaved high f o r e s t  and coppice 
woodland i n  B r i t a i n  i n  1973 was I ,5 mi l l ion  ha and produced 3.7 mil l ion  m3 
of wood; when t h e  young p lan ta t ions  reach maturi ty,  the sus ta ined  y i e l d  
from the  1973 f o r e s t  a r e a  w i l l  be something of the  order  of 10 mil l ion  m 3  
( ~ o h n s t o n  1975), implying an  average y i e l d  of 6.7 m3/ha. The round wood 
equivalent  of t o t a l  wood consumption i n  1973 m s i+8 mil l ion  m3;  theresore  
f o r  se l f - su f f i c i ency  i n  wood i n  t h a t  year  B r i t a i n  would have requi red  a 
productive f o r e s t  a r e a  of about 7 mi l l ion  ha i n  sustained y ie ld ,  an  ad- 
d i t i o n a l  a rea  of some 5.5 mi l l ion  ha. For  the  y e a r  2000, home produotion 
h a s  been ro jeoted  on t h e  b a s i s  of l i f e  s t y l e s  cu r ren t  i n  1973, a t  8.7 3 mi l l ion  m equivalent  t o  a productive f o r e s t  a r e a  o f  about 12  m i l l i o n  ha and 
assuming the  same y i e l d h a .  
The r e s i d e n t s  of the  uplands may soon, i n  l a r g e  numbers, re-exercise t h e i r  
turbrrry r i g h t s .  Peat i s  used widely i n  Shetland f o r  domestic heat ing and 
some f a h e r s  i n  t h e  Fennines have r e c e n t l y  re turned t o  t h i s  pract ice.  The 
.. labour  e n t a i l e d  i n  providing f o r  one household f o r  a y e a r  does not  seem 
onerous, providing the  turb?ry r i g h t s  a r e  c lose  t o  a road and one h a s  access  
t o  mo3ern t ranspor t .  Pea t  was used i n d u s t r i ~ l l y  i n  the  e a r l y  days of the  
i n d r s t r i a l  revolu t ion  in B r i t a i n  but it i s  doubtful  i f  t h e r e  rlow e x i s t  any 
accumulations compatible with modern i n d u s t r i a l  requirements. I n  o the r  
coun t r i e s ,  E i r e ,  USSR, USA peat  i s  or  soon w i l l  be  a source of f u e l  f o r  
power s t a t ions ,  however t h e  ex t rac t ion  r a t e  of some of these  schemes pu t s  
peat  i n  t h e  c l a s s  of a minor non-renewable energy source. 
Conclusions 
It i s  going t o  be said t h a t  t h i s  i s  a very  unsa t i s f ao to ry  piece of spech- 
l a t i o n  and it has not achieved any of the ob jec t ives  se t .  This humble 
observer has  been unable t o  successfu l ly ,  o r  even p r t i a l l y ,  solve the  
problem of following through any p d r t i c u l a r  scenario t o  the  d e t a i l e d  im- 
p l i c a t i o n s  f o r  upland use i n  England and Weles. It i s  always possible t o  
indulge i n  a highly imaginative look a t  t he  fu tu re ,  but does i t  r e a l l y  
mean anything? A study of t h i s  na ture  i s  hard ly  an  excuse f o r  a novel. 
It i s  r e l a t i v e l y  easy est imating the  l i f e t i m e  of non-renewable resources  
at  cu r ren t  o r  an t i c ipa ted  e x t r a c t i o n  r a t e s  it does no t  demand i n t e n s e  
observat ional  powers t o  i n f e r  t h a t  very d i f f i c u l t ,  resouroe in t ens ive  
p r o j e c t s  w i l l ,  assuming they  a r e  successful ,  t ake  longer t o  per fec t  and 
deploy and place a bigger burden on a n a t i o n ' s  economy than simpler more 
parsimonious pro jec ts .  It i s  another  ma t t e r  a l t o g e t h e r  d e t a i l i n g  i n  
chronological  order  the  major events  and turning poin ts  which w i l l  take 
u s  from the  here  and now through the  i n e v i t a b l y  turbulent  yea r s  ahead. 
Pe te r  Chapnan (1975) i n  h i s  book "Fue l ' s  Paradise" poses t h r e e  i n t e r e s t i n g  
scenarios,  the  business-as-usual, t he  t echn ica l - f ix  ~ n 3  the  low-gror.'.i., which 
make e n t e r t a i n i n g  reading. A l l  three  scenar ios  support t h e  general  conclusions 
emerging from t h i s  p p e r ,  simply because both business-as-usual and technica l -  
f i x  scenar ios  a r e  resource  in t ens ive  and resources  a r e  very f i n i t e .  
But supposing a reasonably r e l i a b l e  and d e t a i l e d  economic scenario could be 
forthcoming, t r a n s l a t i n g  t h i s  i n t o  the  d e t a i l e d  impl ica t ions  f o r  a g r i c u l t u r e  
i s  extremely d i f f i c u l t .  
We do not  know the  following: 
1. The p o t e n t i a l  of the land f o r  d i f f e r e n t  k inds  and degrees of a g r i c u l t u r a l  
production. 
2. The r e s i l i e n c e  o f  p a c t i c e s  which achieve maximum output. 
3. The d i r e c t i o n  and r a t e  i n  which d i e t a r y  h a b i t s  w i l l  change under pressures  
of price and shortage.  
4. The in f luence  of a n  evolving EEC a g r i c u l t u r a l  policy. 
5, The manner i n  which t h e  g r d n g  world food problem w i l l  move anct whether 
our t r a d i t i o n a l  overseas suppl iers  o m  continue t o  support us. 
- 6 .  T h e . e f f e c t  of el iminat ing-  waste in  food d i s t r i b u t i o n ,  m r k e t i n g  and 
p repa ra t ion  (some observers  es t imate  t h a t  30 t o  35 per cent  of d.J: food 
wasted, implying t h a t  the ex i s t ing  na t ions1  a g r i c u l t u r a l  output opuld 
. '  supply 80 per cent o f  the-  na t iona l  d i e t ,  a s  opposed to. 55 per  cen t  now). 
. . 
7 .  . The e f f e c t  t h e  r e t u r n  $0 .al lotment  ownership w i l l  have on demand t h e  
: . shops. 
8. I s  t h e  y i e l d  from a l lo tmen t s  on average b e t t e r  o r  worse than t h a t  i n  
commercial h o r t i c u l t u r e  and i s  it more o r  l e s s  energy/labour intensive? 
9. W i l l  r ecent  t r e n d s  where a g r i c u l t u r -  l u n i t s  have trl;ed t o  grow 'con- 
s iderably  i n  acreage be reversed i n  rssponse t o  a n  awareness t h a t  s n a l l e r  
farms have a bigger output  per u n i t  a r e a  (Walker 1972). 
10. W i l l  B r i t a i n ' s  population continue t h e  dec l ine  of r ecen t  years,  w i l l  
t h e  r a t e  of dec l ine  change, and w h a t  w i l l  be the  l e v e l  a t  which t h e  
population s t a b i l i s e s ?  
The above l i s t  i s  but a  s e l e c t i o n  of a  long  l i s t  of unknowns. The f i t u r e  w i l l  
always be unknown and unknowable. f i l l  the  s igns  i n d i c a t e  t h a t  we a r e  about  t o  
ex&rience t h e  most r e p i d  t r a n s i t i o n  any cu l tu re  has been obliged t o  endure. 
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